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Abstract

Lebanon’s National strategy for forest fire management emphasizes the need to enhance the capacity of
stakeholders in Lebanon to assess and manage wildfire in light of future climate change and residential
expansion into wildland areas. In this context, we developed a web-based decision framework to improve fire
risk management. The primary objective of the application (FireLab) was to provide an online user-friendly
interface for displaying data that are critical for making informed fire-management decisions. Data include 257
variables related to fire activity, risk, and hazard and are generated at the municipality level for all of Lebanon.
FireLab is delivered through a web browser, making it widely accessible to the public in a format that allows
users to easily display wildfire conditions and to describe and share modeled wildfire potential scenarios of
current and future conditions.

Keywords: wildfire risk management, climate change, web-application, decision framework

1. Introduction

During the past decade, Lebanon has experienced a number of large wildfires that have had dramatic
impacts on large areas of forests and the livelihoods of local communities. In addition, projections for
continued climate warming are likely to further promote fire risk (Salloum and Mitri, 2014).

While the risks of fires are increasingly becoming a concern, a common database documenting spatial
and temporal patterns of fire and their proximity to settlements is lacking. Currently, there is little
information with which to anticipate and predict which areas of Lebanon are most vulnerable to future
fire risk and hazard data.

Previously, we set out to assess drought conditions in Lebanon based on climatic variability to gain a
better understanding of the temporal and spatial changes in wildfire potential (Mitri et al., 2014).
Wildfire potential was assessed with the use of spatial climatic data, and the temporal and spatial
variability of wildfire potential was investigated accordingly. In addition, an updated wildfire risk map
of Lebanon was produced involving the use of extensive biophysical and socio-economic datasets.
Maps and models have long been an integral part of the environmental decision making process
(Walker and Chapra, 2014). However, the abilities of resource managers, policy makers, and
stakeholders to understand how these maps and models work and what they represent are limited due
to the required technical expertise (NRC, 1999).

In this context, it was essential to build a generic and simple data infrastructure for individual
communities to access in relation to their needs. The development of this infrastructure was important
because land owners, managers, and decision makers have a major role in fire risk reduction for
communities with different needs.

According to Goodall et al. (2011), the availability of online databases and models as web services
allows for their inclusion not only in professional workflows, but also in interactive tools for data
querying and simulation aimed at decision-making. The science of visualizing data has a long history
(Tufte, 2001; Spiegelhalter et al. 2011). Implementing environmental models in a web context is
necessary to help bridging the gap between high-level environmental data analysis and access and
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usability for and by the general public. This approach promises greater transparency and inclusive
participation of citizens in environmental data monitoring, research, and decision-making (Buytaert et
al., 2012).

Lebanon’s National strategy for forest fire management (Decision No. 52/2009) highlighted the need
of information to describe the magnitude and urgency of the problem to decision makers and make
them prioritize the necessary measures to prevent or minimize fire risk (MOE/AFDC, 2009). In this
context, the development and dissemination of detailed information on fire risk assessment and
monitoring across Lebanon is critical to improve fire risk management at both local and National
levels.

To address these needs, we developed a web-based application to host multiple data types related to
fire risk and management. The primary objective of the application (called FireLab) was to provide an
online user-friendly interface where relevant fire data can be accessed to make informed fire-
management decisions.

2. Methods

The development of the web-application model comprised 1) the web browser or the user interface, 2)
the dynamic content generation technology, and 3) the database server containing all generated data

(Figure 1).
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Figure 1. Architecture of the web-application model

The user interface was designed to be self-exploratory and easy to use. Users only need to provide
minimal input to achieve the desired outputs. Technically, the web-application queries the content
server (a content repository database) and dynamically generates web documents to serve to the user.
The documents are generated in a standard format to allow support by all browsers (e.g., HTML).

In addition, the development of the web-application involved the use of Microsoft Visual Studio 2010,
C#, asp.net and JQuery. The technology is accessible by all electronic tablets and mobile phones, easily
accessed by mobile operators, reliable, secure, and without major technological restrictions.

The database comprised 257 variables generated at the village level and covering the entire country.
The variables included information about landcover/landuse, fire hazard, vulnerability, overall fire risk
(Figure 2), future fire hazard in association with projected climatic data, and Wildland-Urban Interface
(WUI), among others. Most importantly, the application allows data to be constantly updated in the
system so that new information can be used to guide management. Finally, a comprehensive glossary
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was developed and integrated in the system describing the main terminologies employed in the queries
of the application.
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Figure 2. Overall fire risk map of Lebanon

3. Results and discussion

The main four queries of the web-application interface (Figure 3) included: 1) the selection of the area
of interest (e.g., village) and the visualization of a specified type of information for the selected area
in form of tables and diagrams, 2) the listing and sorting of summary statistics of required information
in a country table view, 3) the listing and sorting of summary statistics of required information for a
group of administrative units (e.g., villages) within the same broader administrative unit (called
Kadaa), 4) the generation of a detailed wildfire profile including a full graphical report about each
category of available data for each individual village, and 5) the generation of an annual country profile
of fire statistics (based on field collected data previously entered in the database). In addition, the web-
application allows further data entry through private access.

The user interface included an administrative map for each Mohafazat (administrative region) in
Lebanon. These comprised Bekaa, Beirut, Nabatieh, North and Akkar, Mount Lebanon and South. The
user has the possibility to select the Mohafazat of interest, visualize its coverage map and the name of
each village, and select the village of interest. Accordingly, all data for the selected village can be
visualized in form of tables and graphs. A full report of each village can be generated in a PDF format.
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Overall, the application was not only viewed as a scientific tool, but also it was considered as a
management and outreach mechanism. This is reflected in its capability of providing the public with
the data needed at different levels, namely at the municipality, regional, and National levels. Also, the
fact that the application allows further data entry in the system based on a specific data entry sheet,
makes it a dynamic tool that incorporates new information with which to inform management.

Bekaa Beirut Nabatieh ‘ North + Akkar Mount Leb ‘ South DataTable Country Report Glossary
faza is:
Select Village: Aandget E] The selected mouhafaza is: North
The selected kadaa is: Aakar
Select Information Type: Fuel type E]

The selected village is: Aandget

Get Details |

Click here to generate village report

Mean Elevation (m):785.27

Road network (Km): 79.70

Length of roads in agricultural land (Km): 32.05
Number of fires — Hotspots (2000 to 2013): 9.00
Burned areas in hectares (2000 to 2012): 267.06
Fire threat (socio-economic perspective): Low
Overall demographic vulnerability: Low
Boundary indicator: Low

Occupation indicator: Low

Scatter indicator: Low

Overall forest vulnerability: Low

Environmental value: Low

Replacement value index: Low

Overall vulnerability: Low

Length of Agricultural-Urban Interface (m): 5613.57
Area of Agricultural-Urban Interface (ha): 39.44

Percentage of fuel type

{—46.1 9%

1645%

[ Fueltype 1 I Fueltype 3 [ Fueltype 6/7
[ Fueltype 2 I Fueltype 4

Figure 3. A screen shot of the main interface of the web-application

4. Conclusions

With projections for increased fire activity in Lebanon there is a critical need to provide spatially
explicit wildfire data with which to assess fire risk and hazard at the village level. To address this need,
we made fire data publicly available through an online web-application and within a framework where
management decisions could easily be made. Additionally, we developed a structure where users can
contribute to the development and dissemination of new knowledge, and to a more transparent and
effective decision-making and policy assessment. Future work will involve collecting feedback from
end-users on the use of such developed tool in order to evaluate its functionality and future
improvement.
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